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RESEARCHMEMORANDUM 

for the 

UO S. Air Force 

TRANSONIC-KIND-TUNNEL TESTS OF THE AERODYNAMIC 

CHARACTERISTICS OF A 0.15-SCALE MODEL OF THE 

N3RTH AMERICAN AVIATION 2554NCH 

FIN-STABILIZEDEXIERNALSTCRE 

COORD NO. Al?-AM-4 

By Thomas Lo Fischetti 

An investigation has been made in the Lsngley 8-foot trsnsonic tun- 
nels on the aerodynamic chsracteristics of a 0.15-scale model of the 
North American Aviation 255-inch fin-stabilized external store over a 
maximum Mach number range of 0.60 to 1.2 and on the effects of mounting 
lugs, of fin orientation, of fin aspect ratio, and of fixed-transition. 
The Reynolds nu&er (based on abody length of 37-50, inches) varied 
from 9.8 x 10~ to 13.1 x 10~~ 

The results indicate that the static margin of the finned store at 
low lift coefficients was only 9 percent of body length at subsonic Mach 
numbers and was reduced to zero at a Mach number of 1.0, Increasing the 
fin aspect ratio from 1.82 to 2.41 increased the subsonic static margin 
to 18 percent and provided a minimum margin of 9 -percent near a Mach 
number of l.Oo Store mounting lugs or fin orientation had only smsll 
effects on the aerodynamic characteristics of the basic store. 

INTRODUCTION 

At the request of the U, S. Air Force, the aerodynamic chsracter- 
istics of a 0.15-scale model of the North American Aviation 255-inch fin- 
stabilized external and moderate 
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supersonic speeds in the Lsngley 8-foot trsnsonic tunnel and the Langley 
8-foot transonic pressure tunnel. 

The effects of mounting lugs and fins on the aerodynamic character- 
istics of the basic store were investigated in the Lsngley 8-foot tran- 
sonic tunnel at Mach numbers of 0~60 to 1003. The effects of fixed tran- 
sition and increased fin aspect ratio were obtained at Mach numbers up 
to 1.2 in the Langley 8-foot trsnsonic pressure tunnel. 

The data presented herein are for sn sngle-of-attack range which 
generally varied from -4O to loo and for Reynolds nuxibers (based on a 
store length of 37050 inches) of 9.8 x 106 to 13.1 x lO60 

SYMBOLS 

CL lift coefficient, Lift/q,S 

CD drag coefficient, Drag/qoS 

c, pitching-moment coefficient about the store center of gravity 
(see fig. l), Moment/qoSL 

base chord-force coefficient, tpb - po)Sb 
%S 

‘Do drag coefficient at zero lift 

ACD = CD - CD0 

% 
drsg coefficient which would be experienced by a circular cyl- 

inder section of radius r at Reynolds numbers and Mach num- 
bers based on the diameter and the cross component of velocity 

S body frontal area (0.134 sq ft) 

s, body base area (0.0058 sq ft) 

Q free-stream dynsmic pressure, lb/sq ft 

PO free-stream static pressure, lb/sq ft 

static pressure at model base, lb/sq ft 

cJk lift-curve slope, deg 
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&I free-stream Mach number 

R Reynolds number (based on L) 
10 

L reference body length (37050 in.) 0 !O cl x longitudinal distance measured from store center of gravity 
(positive when forward of center of gravity), in. 

angle of fin axes with respect to body axes (zero with fins 
orientated with body axes), deg (See fig. lo) 

a angle of attack, deg 

11 ratio of the drag coefficient of a circular cylinder of 
finite length to that of a circular cylinder of infinite 
length 

APPARATUSANDMETRODS 

Tunnels 

The Langley 8-foot transonic tunnels are single-return wind tunnels 
having test sections which have been slotted longitudinslly to allow 
testing at sonic speed with negligible effects of choking and blockage. 
Details of the Langley 8-foot transonic tunnel can be found in reference 1. 
Limited details of the Langley 8-foot transonic pressure tunnel have been 
presented in reference 2. Both tunnels were operated at atmospheric stag- 
nation pressures for these tests. 

Model 

The model for this investigation consisted of an aluminum body, -&To 
mounting lugs, and four fins. The addition of these components with the 
mounting lugs in a longitudinal plane through the body axis and lith the 
fin sxes orientated at 45' with respect to this plane comprised the store 
and will be referred to in this report as the basic store. A draxing of 
the basic store and details of the mounting lugs and fins are shown in 
figure 1. A photograph of the basic store mounted on the sting support 
system of the Langley 8-foot transonic tunnel is presented in figure 2. 
Ordinates for the store body have been tabulated in table I. The store 
body had a fineness ratio of 7.73; however, the model store body was cut 
off at 36.55 inches to permit entry of a sting support and the fineness 
ratio of this body was 70580 In order to provide clearance between the 
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model fins and the sting, it was necessary to remove approximstely 2 per- 
cent of the total fin area. The fins, however, were still in close 
proximity to the model sting and a fouling band was located on the sting 
in order to detect any fouling between the fins and the sting. The fins 
had a trapezoidal plan form with an aspect ratio (based on the total 
area and span of two fins) of 1.82 and a taper ratio 0.329. An increase 
in fin aspect ratio was obtained by adding a 0.675-inch extension to the 
fin span, This larger fin had an aspect ratio of 2.41 and a taper ratio 
of 0.196. The fin airfoil section was a symmetrical double-wedge section 
with a constant stresmwise thickness ratio of 6 percent between the 30- 
and the TO-percent-chord lines, 

Tests and Measurements 

Tests were made in the Langley 8-foot transonic tunnel through a 
Mach number range of 0.60 to 1.03 on the basic store and on the store 
body without mounting lugs or fins. Tests were also made of store con- 
figurations without the mounting lugs but with the fins orientated with 
the body axes (@ = O") and rotated 45O with respect to the body axes 
(@ = 45°)o These tests were restricted to a top Mach n&ber of 1.03 
because of the severity of the boundary-reflected disturbances at higher 
Mach numbers; however, some additional. tests were made in the Lsngley 
8-foot trsnsonic pressure tunnel up to a top Mach nu&er of 1.2 at Ghich 
point the model was clear of boundary-reflected disturbances., The tests 
in the Langley 8-foot transonic pressure tunnel were made through a Mach 
number range of 0~80 to 1.2 on the basic store and of 0.60 to l-2 on the 
basic store with the aspect ratio of the fins increased from 1.82 to 2.41. 
The effects of fixing transition on approximately the forward 2 percent of 
the store nose with no, 60 grit Carborundum (approximately 0.012-inch diam- 
eter) were obtained for a few selected Mach numbers0 The variation of 
Reynolds nu.&er with Mach rnmiber for the tests in both tunnels is shown 
in figure 3. 

The model for all tests was attached to the sting support system by 
means of a six-component electric&L strain-gage balance. Although six- 
component data were measured during these tests, only the lift, drag, 
and pitching moments proved to be of interest because of the negligible 
forces measured by the other comonents. The angle of attack, which 
generally varied from -4' to loo, was controlled remotely and was meas- 
ured by a pendulum-type -Inclinometer located in the nose of the model. 

Corrections and Accuracy 

The lift and drag coefficients for these tests have been adjusted 
to the conditions of free-stream static pressure at the base of the model. 
The variation of the base chord-force coefficient with Mach number for 
several. angles of attack and for a nuniber of store configurations is 
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shown in figure 4. No corrections have been applied to the data for any 
interference effects of the sting support system. For the store config- 
urations investigated in the Langley 8-foot transonic pressure tunnel, a 
correction has been applied to the drag coefficients to allow for the 
buoyancy effect of a small longitudinal Mach number gradient. This cor- 
rection was obtained by utilizing tunnel-free Mach number distributions 
and its variation with Mach nut&er is shown in figure 5* No buoyancy 
correction was necessary for the test Mach number range in the Langley 
8-foot transonic tunnel. In addition, a correction has been applied to 
the data obtained in the Langley 8-foot transonic pressure tunnel to 
allow for a flow angularity of approximately -001500 

Considerations of the balance design and the repeatability of the 
data indicate that the accuracies of the lift, drag, and pitching-moment 
coefficients were generally better than 0.02, 0.010, and 0.004, respec- 
tively. The accuracy of the measured angle of attack was believed to 
be f0.15O. The maximum variation of the actual test Mach numbers from 
the presented nominal Mach nu&ers is less than 0.005. The local devia- 
tions of the free-stream Mach nut&er from the test Mach number (in the 
region of the model) was less than 0.007 at subsonic Mach nut&ers; lrith 
increase in Mach number, the deviation increased but did not exceed 0.010 
at any Mach nuniber in either tunnel. 

PRFSEXTTKL'ION OF RFSULTS 

The lift, drag, and pitching-moment coefficients have been referred 
to wind axes snd are based on a frontal area of 0.134 square foot and a 
store body length of 37.50 inches. The store body length of 37*50 inches 
corresponds to an original store which had a lower fineness nose and a 
full-scale length of 250 inches. 

The variations of angle of attack, drag coefficient, snd pitching- 
moment coefficient with lift coefficient for the basic store and the 
various store configurations are presented in figures 6 to 9- Figure 6 
presents the coefficients for the basic store as obtained in both 
tunnels. The effects of fin orientation on the aerodynamic character- 
istics of the basic store with mounting lugs removed, as obtained in 
the 8-foot transonic tunnel, are shown in figure 7* A small discrepancy 
between the fairing of the store nose radius snd the desired coordinates 
was detected after completion of tests in the Langley 8-foot transonic 
tunnel. Subsequent tests, in the Lsngley 8-foot transonic pressure tun- 
nel, vere made with both the original nose fairing (fig. 6) snd the cor- 
rect nose fairing. Data for the basic store with the corrected nose 
fairing are sholm in figure 8 with transition natural and fixed and in 
figure 9 with the fin aspect ratio increased to 2.41. Compsrison of 

--- -- --- - _ _ .-._ .~ 
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figures 6 and 8 indicates that the discrepancy in nose fairing had no 
effects on the aerodynamic characteristics of the basic store at subsonic 
speeds and only small effects on the lift snd drag coefficients at super- 
sonic speeds. The variations of the coefficients of the store body (having 
the original nose fairing) $ith angle of attack are presented in figure 10 
and are compared in figure 11 with theoretical coefficients obtained by 
using the theory of reference 3. The theoretical calculations were made 
by assuming that 7 = 0.66 and Cd = 1.2. These values lrere obtained C 
from reference 3 for a body fineness ratio of 7.73 and for a crossflow 
Mach number of less than 0,20. A summary of the variation of the aero- 
dynamic characteristics of the basic store and several store configura- 
tions with Mach number is presented in figure 12, It should be noted 
that no data were recorded between Mach numbers of 1.03 and 1.2; there- 
fore, the fairing of the summary curves in this region was arbitrary. 

DISCUSSION 

General 

The lift, drag, and pitching-moment coefficients of the basic store 
as obtained in either tunnel, with the exception of a Mach number of 1.03, 
agreed ltithin the accuracy of the balance repeatability (fig. 6). The 
differences at 1.03 Mach number can be accounted for by a difference in 
nominal Mach number of less than 0.005. 

Lift Characteristics 

The variation of lift coefficient with angle of attack for the basic 
store and for the various store configurations was generally nonlinear, 
The nonlinearity was affected by Mach number and was most severe at low 
angles of attack near a Mach nuniber of 1.0. These nonlinearities were 
believed to be due to the mounting lugs and the store body. Removing 
the mounting lugs appears to have reduced the severe nonlinearities in 
lift coefficient at the low angles of attack for the higher Mach numbers 
but did not affect the lift coefficients at high angles of attack. 
(Compare figs. 6(a) and 7(a).) H owever, the lift measured on the body 
does show a generally similar nonlinear variation of lift coefficient 
with angle of attack throughout the Mach number range (fig. 10(a)), and 
is also in good agreement with that calculated by the theory of refer- 
ence 3 (fig. ll)9 thus indicating the origin of the nonlinearities. 

Fin orientation had only small effects on the lift coefficients of 
the basic store (fig. 7(a)). However, as might be expected, increasing 
the fin aspect ratio approximately 32 percent (from 1.82 to 2.41) 

~. _- ~. _-. --~. _--~ ~_ __ .-. -.~-... - ~. 
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increased the lift of the basic store (figs, 6(a) and g(a)). The lift- 
curve slope (averaged in the angle-of-attack range of -2O to 2') for the 
basic store was increased in magnitude anywhere from 12 to 27 percent 
over the Mach number range by this increase in fin aspect ratio (fig. 12). 

Drag Characteristics 

The drag coefficients of the basic store at zero lift was approxi- 
mately 0.060 at a Mach number of 0.60; with increase in Mach nuniber the 
drag coefficient increased and was approximately 0.29 at a Mach number 
of 1.2 (fig. 12). The store mounting lugs, fin orientation or increased 
fin aspect ratio generally had only small effects on the drag of the basic 
store over the Mach number range for which data were available. Experi- 
mental data for the store body were not obtained above a Mach number 
of 1.03; therefore in order to evaluate the effects of adding the lugs 
and fins to the store body at higher Mach numbers the body drag rise has 
been estima-ted using the peak drag-rise correlation factor of reference 4. 
The calculated drag rise was added to the subsonic drag level at a Mach 
number of 0.95 and this estimated drag level is shown in figure 12. It 
can be seen from figure 12 that the resulting estimated drag increment 
due to the lugs and fins at supersonic speeds was approximately two to 
three times the subsonic increment. 

Pitching-Moment Characteristics 

The basic store was statically stable at low subsonic Mach numbers 
but showed a gradual destabilizing Tc. ndency at low lift coefficients as 
the Mach number was increased, and eventually became unstable in this 
lift range at a Mach number of approximately 1.00 (fig. 6(c)). At the 
top test Mach n&er of 102, the store was again stable at sll lift 
coefficients. In figure 12 the center of pressure of the basic store 
(obtained from &!, 

/a 
CL at low lift coefficients) indicates a static 

margin of 9 percent of body length at subsonic Mach numbers. This static 
margin was insufficient to assure stability throughout the Mach number 
range, being reduced to zero near a Mach number of 1.0. Increasing the 
fin aspect ratio by approxtitely 34 percent increased the subsonic 
static margin to 18 percent and resulted in a minimum margin of 9 percent 
at a Mach nu&er of approximately l-0. Although it is not known lrhether 
a static margin of 9 percent is sufficient for satisfactory store release 
it is indicated in reference 5 that a 20 percent subsonic static margin 
could be considered as satisfactory for a bomb or missile. 

8% aa The center of pressure of the store body (obtained from - - aa ac, 
at low lift coefficients) was approxtitely 1.35 body lengths forward 

- -. 
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of the store center of gravity at 0.60 Mach number. Above a Mach number 
of 0.80, the center of pressure moved further forward, reaching a maxi- 
mum position of approximately two body lengths forward of the store cen- 
ter of gravity near a Mach number of 1.0. The theory of reference 3 
does not indicate any movement of the body center of pressure with Mach 
numbers; however the large forward location of the body center of pres- 
sure at low angles of attack is indicated (fig. 11). 

Store mounting lugs or fin orientation had only small effects on the 
basic store pitching moments. Rotating the fins to orientate them with 
the body axes ($$ = O") increased the stability at high lift coefficients 
but did not appreciably affect the instability noted previously at low 
lift coefficients (fig. 8(c)). 

Effect of Transition 

With transition fixed, figure 7 indicates that both the lift and 
drag coefficients of the basic store generally decreased. These effects, 
however, were inconclusive since transition ITas not fixed on the store 
body alone, and since the magnitude of these effects was generally small 
and in some cases within the accuracy of these data. 

CONCLUDING IBMARKS 

The results of wind-tunnel tests of a 0,15-scale model of the North 
American Aviation 255-inch fin-stabilized external store indicate that 
the static margin of the finned store at low lift coefficients was only 
9 percent of body length at subsonic Mach numbers and was reduced to zero 
at a Mach number of 1,O. Increasing the fin aspect ratio from 1.82 
to 2.41 increased the subsonic static margin to 18 percent and provided 
a minkmm margin of 9 percent near a Mach number of 1.0. Store mounting 
lugs or fin orientation had only small effects on the aerodynsmic char- 
acteristics of the basic store. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Lsngley Field, Va., Jsnuary 179 1956. 

Thomas L. Fischetti 
Aeronautical Research Scientist 

s.Le Research 
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TABLE I 

ORDINATES OF STORE BODY 

NACA RM SL56A30 

Distance from nose> in. 

0 
015 

:g 
060 

075 090 
1.05 
lo20 
l-35 

1.50 1.65 
1.80 
1.95 
2.10 
2.25 
3-00 
3.75 
4.50 
5.25 
6.75 
8.25 
9075 

1.~25 
12.75 
14.25 
15075 
17.25 
18.75 
20.25 
2l.75 
23.25 
24.75 
26,25 
27075 
29.25 
30.75 
32025 
33.75 
35.25 

;kz"g 0 

Store nose radius, O.LQ7 inch. 

Radius, in. 

0 
.2l4 
.a263 
-311 
0359 

:g 
0498 

:;2 

:g; 
0719 
.761 
o802 
A43 

1.034 
1.209 
1.373 
1.530 
1.820 
2.067 
2.252 
2.363 
2,436 
2.474 
2.469 
2.448 
2.415 
2.370 
2.313 
2.235 
2.127 
10995 
1.844 
lo673 
U-84 
1.271 
1.026 

0759 
.4g2 
-225 

._ ~. --. _. .---.---- -- .----- - .-. . . .._ .~ - .---.-_ 
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Figure lo- Drawing of the basic store with details of the mounting lugs 

and fins. All dimensions are in inches unless otherwise noted. 
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e-89062~1 

The basic store mounted in the Langley 8foot transonic tunnel0 



Langley 8-foot transonic tunnel 
-- Langley El-foot transonic pressure tunnel 

$3 .7 .8 ,9 1.0 1.1 1.2 
Mach number9 Ml 

Figure 30” VsxLation of the average test Reynolds number with Mach number 
for tests of the several store configurations. 
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i.’ 

Configuration 4 #,deg Tunnel 

0 Basic store without mounting lugs 0 8-ft TT 
17 Basic store without mounting lugs 45 8-ft TT 
0 Body alone * 8-ftTT 
A Basic store 45 8-ftTPT 

’ ’ ’ ’ ’ ’ ’ ’ I ’ 

.Ol/ I 

A 
I ( I L#++$( a=6’ 

b I I I I I I I I I IGil I 

a=8’ , 
I L-I- I A I 1 I 

I I &uI-@--Pi-Y”1 I I I I I I 

-.Oll 1 
.5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 

Mach number, M 

Figure 4.- Variation of base chord-force coefficient with Mach number for 
tests of the store in both the Langley afoot transonic tunnel and the 
Langley afoot transonic pressure tunnel. 
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Figure >.- Variation of buoyancy coefficient with Mach number for tests 
of the store in the La.xxxlelv afoot transonic nr*fimrP +mnnPl- 
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(a) Angle of attack. 

Figure 6,- Comparrison of the variation with lift coefficient of the aerodynamic chsxacteristics 
of the basic store (with the original nose fairing) as obtained in the Langley 8-foot tran- 
sonic tunnel and the Langley 8-foot transonic pressure tunnel. (Unflagged symbols indicate 
8-foot transonic-tunnel data and flagged symbols indicate &foot transoniq-pressure-tunnel 
data, ) 
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(c) Pitching-moment coefficient. (W&lagged symbols indicate 8-foot 
transonic-tunnel data and flagged symbols indicate 8-foot transonic- 
pressure-tunnel datao) 

Figure 6, - Concluded. 
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(a) Angle of attack. 

Figure 7-- Comparison of the variation with lift coefficient of the aerodynamic characteristics 
of the basic store (tithout mounting lugs and with the original nose fairing) with 81 = O" 
and 4.5’ o (Unflagged symbols indicate # = 45O and flagged symbols indicate $ = O".) 
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(b) Drag coefficient* (Unflagged symbols indicate # = 45’ data and 
flagged symbols indicate $ = O" data.) 

Figure Te- Continued. 



NACA RM SL56A30 

LF c- 
2 ‘5 .- 
% 
8 
-E 
E 
i2 
k 'i 0 .- a 

I I 

I ” ,.,\I , 

‘L n-,. 
y\o ‘M 

I I .r/ 
v 

I I I I I I I-4-J 
I I I I- I 

-.08 

-.3 72 -.I 0 .I .2 .3 .4 5 .6 .7 

Lift coefficient, CL 

(c) Pitching-moment coefficient. (Unflagged symbols indicate # = 45’ 
data and flagged symbols indicate. # = O" data.) 

Figure 7*- Concluded. 
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Figure 8.- Comparison of the variation with lift coefficjent of the aerodynamic characteristics 
of the basic store (with the correct nose fairing) with transition natural and fixed. 
(Unflagged symbols indicate transition natural and flagged symbols indicate transition 
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Figure 8.- Continued, 
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Figure 9.- Variation with,lift coefficient of the aerodynamic characteristics of the basic store 
(with the correct nose fairing) with the Urger fins. (Flagged symbols indicate repeat points.) 
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Figure 9.- Continued. 
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Figure g.- Concluded. 
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Figure lo.- Variation with angle of attack of the aerodynsmic character- 
istics of the store body with the original nose fairing. (Flagged 
symbols indicate repeat points.) 
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Figure lo.- Continued. 
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Figure lo.- Concluded. 
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Figure IL- Comparison of the lift, drag, and pitching-moment coefficients 
of the store body with those calculated by the theory of reference 3. 
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ABSTRACT 

Transonic wind-tunnel tests of the NAA 255-inch fin-stabilized 
external store indicated that the static margin of the finned store at 
low lift coefficients ITas only 9 percent of body length at subsonic Mach 
numbers and reduced to zero at a Mach number of 1,O. Increasing the fin 
aspect ratio from 1.82 to 2.41 increased the subsonic static margin to 
18 percent and provided a minimum margin of 9 percent near a Mach rxmiber 
of 1.00 Store mounting lugs or fin orientation had only small effects 
on the aerodynamic characteristics of the store. 
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